ABSTRACT: Much research into climate change impacts and adaptation has been, and continues to be, conducted. However, the well documented themes and recommendations continue to emerge with little evidence of effective climate change adaptation strategies being implemented. This is because while climate change adaptation strategies are not hard to develop, it is difficult to evaluate their effectiveness or, in some cases, even define effectiveness. Compounding this is the fact that implementing strategies that in theory, or in pilot studies, are potentially effective is complicated due to political, economic, legislative and science constraints and the difficulties associated with decision making under uncertainty. Here we focus on Australian rural communities and have found that a major barrier to implementation of effective adaptation strategies is the disconnect between the information that end-users need (or think they need) and the existing outcomes of climate change impacts and adaptation research. While previous research, and anecdotal evidence, qualitatively establishes that a 'gap' does exist, this study represents a preliminary attempt at quantifying the causes and magnitude of the disconnect: a necessary first step in addressing the challenge posed by this barrier to adaptation. The findings are relevant beyond Australia, beyond the agriculture sector, and beyond climate change science, and highlight the need for urgent work aimed at bridging the gap between scientists and decision makers (and other end-users).
INTRODUCTION
Effective climate change adaptation strategies are rarely implemented, and in the few instances where they are, it is most often done as part of climate risk management, disaster risk reduction, resource planning or sustainable development initiatives (Adger et al. 2007 , Howden et al. 2007 ). Generally decision makers manage risk holistically; however, climate information is usually derived from reductionist methods (i.e. a complex issue is analysed by its simplest and most basic components) which sometimes leads to distortion (e.g. Sarewitz 2000 , Meinke et al. 2006a , Hulme 2011 , Lindzen 2012 . This difference in approaches is one possible reason for the fundamental disconnect between scientists and end-users (i.e. decision makers), meaning that the creation of information relating to climate change impacts, although scientifically sound, sometimes lacks relevance (Mein ke et al. 2006a , McNie 2007 , Kiem & Verdon-Kidd 2011 . This disconnect often prevents the effective exchange of information between climate scientists (i.e. climate change information producers) and end-users across a range of sectors and contexts (Pielke Jr 2007 , Li et al. 2010 , Ekstrom et al. 2011 , Dilling & Lemos 2011 , Lemos et al. 2012 ). This disconnect is a particular issue within the agricultural sector and rural communities, as climate change compounds existing vulnerabilities caused by exposure to hydroclimatic extremes, falling commodity prices, rural demogra phic shifts and a changing farming industry (Kiem et al. 2010 , Rickards 2012 , Kiem & Austin 2013 .
POTENTIAL SOURCES OF THE DISCONNECT
Numerous studies (e.g. Adger et al. 2009 , Amundsen et al. 2010 , Moser & Ekstrom 2010 , McNeeley 2012 , Bierbaum et al. 2013 , Biesbroek et al. 2013 ) have revealed potential causes that contribute to the disconnect between existing science outcomes and end-user needs: some are general barriers preventing the flow of science to decision making and some are specific to climate change adaptation (see Lemos et al. 2012 for a recent review of this field). Some of these barriers or sources of the disconnect are summarised below.
(1) Uncertainty in the meaning, understanding and use of key terminology. Due to the diverse range of disciplines that engage in climate change adaptation research, and due to their differing epistemologies, there is a lack of consensus when defining or understanding key terms (e.g. Miller et al. 2008 , Moser & Ekstrom 2010 . Some ex amples in clude: the terms resilience and vulnerability, which have very different definitions in the physical and social sciences; confusion between what is weather and what is climate; knowing the difference be tween a prediction, a forecast, and a projection; knowing the difference between uncertainty, likelihood, risk and vulnerability; knowing the difference between a best estimate scenario, a median scenario from an ensemble of global climate model outputs, and a plausible scenario; knowing the difference between precision and accuracy. This lack of agree ment on key terminology and interchangeable or uninformed usage in the scientific community causes confusion amongst both end-users and producers.
(2) Cognitive bias. Epistemologies guide researcher's perspectives on the validity of knowledge (e.g. quantitative versus qualitative), the legitimacy of methods to produce knowledge and, the assumptions associated with concepts and methodologies (e.g. Miller et al. 2008) . Add to that the fact that endusers are focussed on solutions rather than research problems and it becomes clear that while interdisciplinary research is required for successful climate change adaptation, there are significant challenges created when re searchers (and end-users) with different epistemologies work together.
(3) Scientific publication and peer review. Most journal editors and peer reviewers are academics or full-time research scientists, and as a result peer reviewed literature is biased towards science needs rather than end-user perspectives (i.e. end-users and decision makers have minimal input as to what actually gets published). End-user and policy relevant journal articles require end-users being in volved in the peer review process (for an example of the challenges associated with publishing a paper that appeals to non-scientist natural resource managers and also climate scientists and hydrologists refer to discussions at www.hydrol-earth-syst-sci-discuss. net/ 8/ C 5642/2012/hessd-8-C5642-2012.pdf, and the links contained therein, associated with the publication of Gallant et al. 2012) . Unfortunately, there is minimal incentive (or time) for non-academics to be involved in the peer review process, just as there is minimal incentive for researchers to publish in low impact factor trade journals or industry magazines (Jacobs et al. 2005) . This issue has been repeatedly identified as a major source of the disconnect (e.g. Jacobs et al. 2005; Kiem et al. 2010; Rickards 2012; Kiem & Austin 2013) , since peer reviewed literature, while scientifically sound, is apparently be coming increasingly irrelevant to end-users (as discussed in Point (2), above, relating to credibility and legitimacy). Accessibility is also an issue for end-users or decision makers wanting to read journal articles given that subscriptions to scientific journals can be ex pen sive and usually only available to university affiliates.
(4) Uncertainty in science and how to deal with it. Science is inherently uncertain and always will be. Decisions are regularly made under uncertainty or with only partial knowledge about likely consequences (e.g. investment decisions, career decisions, decisions concerning our health, etc.). However, when it comes to climate science, many are reluctant to consider climate change adaptation until the science is more certain (e.g. Jacobs et al. 2005 , Kiem & Austin 2013 . Unfortunately, uncertainty surrounding climate science will not disappear (e.g. Kiem & Verdon-Kidd 2011) and novel frameworks for climate adaptation decision-making under uncertainty, and research aimed at translating uncertainty into risk, are urgently re quired. Much can be learned from the ex tensive body of knowledge relating to assessing and dealing with climate risks (i.e. climate risk in general, as opposed to impacts and risks associated with an thropogenic climate change), much of which pre-dates the emphasis on climate change adaptation (e.g. Hammer et al. 2000 , Hayman 2000 , Cash et al. 2003 , McKeon et al. 2004 , Adger et al. 2005 , Meinke et al. 2006b , 2009 , Hayman et al. 2007 ).
(5) Competition between social, political, environmental and economic drivers. There are suggestions that the disconnect is not so much between the science and the decision makers, rather it is that the decision has to be socially, politically, economically and environmentally acceptable for it to be implemented (e.g. Adger et al. 2005 , Füssel 2007 ).
Even in a perfect world where scientists provide useful information to end-users and end-users subsequently make robust climate change adaptation decisions based on that science, if people do not like the decision, there will always be difficulty in getting that decision implemented (e.g. when a desalinisation plant or reservoir is proposed, when water trading or allocation schemes are introduced, when sea-level inundation or flood management policies are changed, etc.).
Finally, it is important to note that issues associated with the utility of scientific information are not unique to climate change adaptation, and that lessons previously learnt about conceptualisation and measuring knowledge use are useful. The literature on knowledge utilisation, while mostly focused on education and health policy arenas, contains some pertinent information on possible reasons for the disconnect between science and end-users (e.g. Weiss 1980 , Dunn 1983 , Rich 1991 . Further, from the broader perspective of finding solutions and moving forward, the social sciences can help address many issues related to knowledge transfer and use, which (as mentioned above) typically are social and political in nature.
METHODS
While anecdotal evidence (e.g. from the surveys, interviews and workshops conducted as part of studies such as Kiem et al. 2010 , Rickards 2012 and Kiem & Austin 2013 ) and the previous research mentioned (e.g. Lemos et al. 2012 and the references therein) qualitatively establish that a disconnect does exist between climate science and end-users, minimal information is available as to its specific causes, particularly for Australia and especially for rural communities. Here we quantify potential causes of this disconnect through an online survey designed to test the hypothesis that there is a difference between whether producers of climate science and end-users or decision makers think available information is useful (with particular emphasis on end-users with connection to Australian rural communities). Further information on the online survey is provided in Section 3.1 and it is the analysis of the survey responses which forms the focus of this paper. The online survey is intended to preliminarily ground-truth the anecdotal evidence and other information coming out of the literature, interviews and workshops. It is emphasised that the workshop and interview information is used only to help clarify and support the conclusions emerging from the survey results rather than as a basis for the conclusions.
The online survey
A copy of the survey questions are included in Fig. S1 in the Supplement (www.int-res. com/ articles/ suppl/ c058 p029_ supp. pdf). The online survey was designed and distributed as follows: (1) Ethics approval was obtained from the University of Newcastle's Human Research Ethics Committee (HREC) due to the involvement of human participants. (2) The online survey tool Survey Monkey was used to host the online survey. This software was selected for the range of features available, in particular the text analysis function. (3) Survey questions (both open ended and multiple choice) were developed to take into consideration discussions with various stakeholders, and insights gained from the literature review and previous studies (e.g. Cash & Buizer 2005 , Kiem et al. 2010 . Survey questions were designed to facilitate a quantitative analysis of the disconnect, which to date has only been investigated qualitatively. All respondents completed the same questions. (4) The survey was open to everyone but was initially disseminated via email lists and other networks and organizations that the researchers are associated with (see Table S1 in the Supplement at www. int-res. com/ articles/ suppl/ c058 p029_ supp. pdf). Respondents were also encouraged to distribute the survey to their own contacts and networks. Hard copies of the survey were also provided upon request. This included a group of rural community members in South Australia and Victoria. The distribution of hard copy surveys attempted to engage rural community members who did not have access to the internet or are not computer literate.
Both qualitative and quantitative analyses were performed on the data collected from the survey responses. Survey responses were categorised into 8 participant groups based on whether respondents identified as being (1) a producer of climate information or not, (2) an end-user of climate information or not, (3) a member of, or having an effect on, rural communities or not, and (4) someone who did or did not use climate information in their decision making (Table 1) .
Qualitative analysis
The online survey software used (i.e. Survey Monkey) enabled analysis of 'free text' responses via word clouds. The use of word clouds is an increasingly utilised method for synthesizing research by multidisciplinary working groups (Rubin & Fornari 2011) . Word cloud representations are used to allow researchers using different methodologies and approaches to identify common ground and hence points of intersection within their research. The font size of individual words is indicative of the number of times they were used in the responses. Therefore, larger words were used more frequently than smaller words, and this is assumed to give some indication as to what is and is not important. It must be noted that word clouds have several limitations including the fact that context is unable to be determined from a word cloud and hence it is not possible to tell whether a word or phrase is being used from a positive or negative perspective. Limitations also include the potential for inaccuracies as a result of spelling mistakes and the use of several derivatives of the same word, or the case where certain words may be repeated often but not have the same weight as a key word that is used less frequently. Nevertheless, in this study, word clouds are a useful tool for quickly analysing the large amounts of text that emerged from the survey in order to get an initial insight into the issues that may or may not be important. Note also that in this study, due to limited sample sizes for some groups, word clouds were, applied to the results as a whole (i.e. all 8 groups' responses considered together), meaning that the word cloud results are skewed towards the more populated groups (see Fig. 1 for the percentage of survey respondents within each group).
Quantitative analysis
In Question 13 of the survey, respondents were asked to give their opinion (via a Likert scale of none, low, fair, high or excellent) on 9 characteristics of the available information about future climate change impacts. The characteristics assessed were:
(1) Availability: the climate information required by the end-user is available.
(2) Awareness: respondents are aware of where to find the climate information they need.
(3) Understanding: respondents understand the climate information that they access or are able to access.
(4) Exists: respondents' opinion on what climate information actually exists.
(5) Format: the format of the climate information meets respondents' needs. Format relates to presentation (e.g. is information given in graphs or tables, is it online or in hard copy, is it a 100 page report or a 2 page brochure?).
(6) Detail: the level of detail meets the needs of respondents. For example, detail relates to the spatial and temporal scale of information such as forecasts and the variables included such as averages as opposed to totals or extremes.
(7) Relevance: how relevant is the climate information to the respondents' needs? (8) Credibility: refers to the scientific rigour of the evidence and arguments presented in the climate information.
(9) Legitimacy: refers to whether the production of information is based on accepted standards and logical reasoning, particularly with respect to how the information represents and satisfies the needs of all stakeholders (Cash & Buizer 2005) .
Chi-square and ANOVA tests were then used to determine if there was any statistically significant relationship between the participant group that people identified with and their responses to Question 13, with the null hypothesis (H 0 ) being that there is no association (i.e. for a given characteristic all participant groups have a similar opinion). Chi-square and ANOVA testing produces a p-value for each set of variables, which indicates the probability that the H 0 is true; in this study p-values < 0.05 were used to indicate that there is statistically significant support for the rejection of H 0 . Chi-square and ANOVA testing was again applied to the responses to test if respondents from a given participant group rated characteristics similarly or differently. Whereas previous tests compared one characteristic for all 8 participant groups, these tests compared all characteristics for one participant group, H 0 again being that there is no association (i.e. for a given participant group their opinion is similar for all characteristics of climate change information).
In addition, 2-tailed Student's t-tests were performed to determine if any of the 8 participant groups had a significantly different distribution of response than that associated with all other responses. This was done for each of the 9 characteristics, with H 0 being that the distribution of responses associated with an individual participant group is equivalent to the distribution of responses associated with all other participant groups. That is, for each of the 9 characteristics, the H 0 is that the responses from a certain participant group were not different to the responses from all other participants.
RESULTS

Summary of online survey participants
A total of 383 individuals (48% female and 52% male) responded to the online survey. All but 3 respondents (2 from the United Kingdom and 1 from America) were from Australia with 66% from New South Wales, 14% from Victoria, 10% from Queensland, 4% from South Australia, 3% from Western Australia, 2% from Tasmania and 1% from the Northern Territory. The survey respondents were spread across most age brackets: 1% aged < 20 yr, 12% aged 20−29, 18% aged 30−39, 24% aged 40−49, 26% aged 50−59, 15% aged 60−69, and 4% aged ≥70, with the oldest respondent born in 1926 (85 years old) and the youngest respondent born in 1992 (19 years old). The majority of respondents (88%) had completed tertiary education and a further 8% had completed a Trade Certificate/Diploma or equivalent. Due to insufficient sample sizes, analysis was not conducted on the influence of age or education on endusers' utilisation and perception of information about future climate change impacts, but it is possible that results may be sensitive to this. Further investigation into this issue is recommended, as people with ages and educational backgrounds not well represented may have different opinions to those obtained here.
The perceived usefulness of available climate change information is indicative of the magnitude of the disconnect, as the usefulness determines the capacity of information to be translated into action (e.g. Verdon-Kidd et al. 2012 ). If information is not useful, it cannot inform decisions and facilitate the management of climate related risk. When asked whether they thought existing information about climate science or climate change impacts was useful (Question 8), 70% of respondents agreed that it is, but 26% said that it is not and 4% said they would not know as they do not use it. The fact that more than a quarter of respondents did not believe climate change information is useful provides clear evidence of the magnitude of the disconnect. The potential reasons behind this result, and whether or not producers perceive climate change information as more useful than end-users, are examined by analysing responses stratified by participant groupings and investigating exactly which aspects of climate change information each group has problems with. Refer to Table 1 for an explanation of the participant groupings and Fig. 1 for the distribution of participants within each group. Due to restrictions enforced by the ethics clearance required for the online survey, the amount of personal information gained about the survey participants was limited to the demographic information discussed above and self-classification into 1 of the 8 participant groups. In hindsight it is clear that it would also be useful (and relevant) to know more about the role of climate information endusers (or potential end-users) -e.g. What ex actly is their role within business or government? Are they re sponsible for decisions at a national, state, regional or local level? Which climate related decisions are they responsible for? What exactly is their role within or link to rural communities or some other sector? Subsequent research for a recently completed National Climate Change Adaptation Re search Facility (NCCARF) project ) has focussed on these questions and the fact that endusers' expectations and needs regarding information about future climate change impacts will vary depending on their role (see Section 5 for further discussion and recommendations on this issue).
Analysis of free text responses:
what people really think
There were 10 questions in the survey that required free text responses, and the responses to 2 of these questions are illustrated in Fig. 2a ,c using word clouds. Fig. 2a , supported by Fig. 2b , suggests that the preferred sources of information about future climate change impacts are websites, email, workshops/ meetings, journal articles and local media (e.g. radio, newspapers). Despite the preference for using technology as a way to access information, there is still a substantial number of people who prefer information to be passed on personally (i.e. via workshops/meetings or face-to-face contact). This is consistent with previous experiences where there was consensus that informal forums such as 'Fireshed gatherings' (i.e. informal community gatherings that happen in the shed belonging to the local fire fighting service or the town hall or similar) were crucial in providing the opportunity for rural community members to discuss business and operational related issues while also socialising (Kiem et al. 2010) . These types of interactions are considered to be beneficial not only in terms of information ex change, but also for the mental health and wellbeing of members of rural communities who can often be disengaged and isolated (Kiem & Austin 2013) . It is also important to note that the survey results relating to preferred sources of information are likely biased towards websites and email, as data was gathered via an online survey. Therefore, it is possible that an entire group of potential respondents has failed to be engaged in this (and other) research due to its online nature. The issue of internet access (or lack of) in rural Australia is a theme that is repeated throughout the literature, and in interactions with participants during similar research (e.g. MCVP 2012, Rickards 2012). It is clear that the lack of internet and phone coverage in some rural areas is considered to be a major barrier to accessing climate change information. This significant issue is exemplified by the survey response from one rural community member from South Australia:
'The major weakness we have to deal with every day is slow unreliable internet access and phone coverage to take advantage of new information. For example, we would love to install soil moisture probes that can send us data via mobile phone. However we have no coverage, so are unable to use this technology. Sometimes it is not the weakness of information, but the delivery and sharing of it. Rural areas seem to suffer the most from poor technology and lack of coverage and services, hindering the uptake of the most recent available knowledge.'
This highlights that rural community members with poor access to internet or communication networks are not usually well represented in research results, do not have access to online products, surveys or information sheets, and are possibly too remote to attend workshops or conferences. Further investigation is needed to establish the proportion of people affected by this issue, how best to engage them, and whether or not these people are adequately represented by people from rural communities who can access the internet, complete online surveys, and attend workshops. Future research must also evaluate the implementation of Australia's National Broadband Network (www.nbn.gov.au/) and determine if this group has been successfully engaged (i.e. just because people have internet access does not mean they are computer literate or want to engage in computer based research; some rural and remote areas will not have the same level of coverage as other areas, etc.). Fig. 2c provides insight into what end-user needs are in terms of climate information. The need for regional information on the impacts of climate variability and change is emphasised, and is a theme throughout many free text responses to a variety of questions, as is the need for improved information on extremes, climate related risks, and what is likely or reliable.
Quantifying the disconnect: rating of information on climate change impacts and adaptation
Participants were asked to give their opinion (via a Likert scale of none, low, fair, high or excellent) on 9 characteristics of information on future climate change impacts (refer to Section 3.1.2 for details). Chi-square and ANOVA testing (Table 2) Table 2 . Chi-square and ANOVA statistics (described in Section 3.1.2). Group: see Table 1 for description of numbers. N: number in each group; (%) corresponding proportion of total respondents for this question. Response: mean (± standard deviation) response on a Likert scale: 1 = none, 2 = low, 3 = fair, 4 = high, 5 = excellent. Bold: significant at the 95% confidence level. Section 4.1 states 383 people responded to the survey; however, not all of them completed all questions, thus N in this table only adds to 307 that respondents from some participant groups had an opinion that was statistically significantly different to respondents from other participant groups for at least 2 of the characteristics considered (i.e. 2 characteristics emerged as significant, irrespective of whether a chi-square or ANOVA test was used). These 2 characteristics were detail and legitimacy. This is supported by Fig. 3 , which demonstrates that legitimacy and detail (and also format) have higher percentages of respondents rating these variables as fair or below. Chi-square tests were also performed to determine if respondents from a given participant group rated characteristics similarly or differently (Table 2) . Whereas previous tests compared one characteristic for all 8 participant groups, these tests compared all characteristics for one participant group. Table 2 shows that participant Groups 1, 3, 4, 5 and 6 have statistically significant associations with the responses for the 9 characteristics irrespective of whether a chi-square or ANOVA test was used. This also supports patterns illustrated in Fig. 3 which demonstrates that in particular participant Groups 3, 4, 5 and 6 have issues with format and detail while Groups 5, 7, and 8 have issues with legitimacy. Note that Group 1 also has issues with legitimacy, which is initially counter intuitive (since Group 1 are 'producers' of the climate change impacts information). However, it is suggested that what this reveals is that producers of scientific information can be well aware of complexities and uncertainties, and worried that paring information down to provide clear and comprehensible messages sometimes underemphasises (or neglects) important provisos and disclaimers.
Despite the low sample size for Group 2, it is also worth noting that Fig. 3 suggests markedly differing opinions of producers (Groups 1 and 2) on the availability of climate change information depending on whether they consider that the information they produce could be used to inform the rural sector. Of the producers that do not think climate change information is relevant to rural communities (Group 2), none rate the availability of climate change information end-users need as fair or below (i.e. all in this group think the availability of climate change information is satisfactory), compared with almost 60% of producers who acknowledge links with rural communities (Group 1) rating the available information as only fair or below.
The comparison of response distributions using ttests allowed further quantification of the magnitude of the disconnect and also identified some significant results that were not captured by the chi-square and ANOVA tests. Participant Group 2 again returned a significantly higher response distribution than the remaining respondents (p = 0.049) for availability, suggesting they are more satisfied with availability than other respondents. Similarly, participant Group 1 produced a significantly higher distribution (p = 0.002) than other respondents for awareness. These results demonstrate that, as would be expected, producers (i.e. Groups 1 and 2) are more aware of, and have a different perspective on, the availability of climate information than do end-users of the information. Importantly, Group 8 produced a lower response (p = 0.077) for awareness than the remaining groups, suggesting that one reason people in this category do not use climate change information may be because they are unaware of it. Other results that are informative as to the potential causes of the disconnect include:
(1) Group 1 (producers of climate change impact information that is relevant for rural communities) (2) Group 5 (rural community members that use climate change information to make business decisions) returning significantly lower ratings for format (p = 0.030); (3) Group 4 (non-rural policy makers) having significantly higher rankings for credibility (p = 0.040) while Group 8 (non-rural and non-users of climate information) had significantly lower rankings (p = 0.016). This indicates that decision makers will only use climate change information if they think it is credible. Also important to note is that the policy decisions made by Group 4 do not affect rural communities, indicating that policy decision makers whose decisions do affect rural communities have a lower opinion of the credibility of available information; (4) Group 4 (as with credibility and as suggested by the chi-square tests) ranked legitimacy significantly higher than other respondents (p = 0.028), and Group 8 ranked legitimacy significantly lower than other respondents (p = 0.020), indicating that whether or not people use climate change information also depends on whether they think it is legitimate.
DISCUSSION: OVERCOMING THE DIFFERENCES BETWEEN PRODUCERS AND END-USERS OF CLIMATE INFORMATION
The type of scientific information scientists and/or researchers are interested in often differs from what end-users and decision-makers need. It is clear from the results presented here, and in previous studies (e.g. Meinke et al. 2006b , Kiem et al. 2010 , Li et al. 2010 , Ekstrom et al. 2011 , Kiem & Verdon-Kidd 2011 , Gallant et al. 2012 , Lemos et al. 2012 , Rickards 2012 , Kiem & Austin 2013 , that better synthesis, translation and packaging of climate science could be useful for end-users, and also would increase scientists' awareness of the needs of end-users, and the ability to work towards addressing these needs. A recently completed NCCARF project ) considers this and investigates the idea of a 'knowledge broker' (also known as 'boundary workers' or 'boundary organisations') as one way to bridge the gap between producers and end-users (e.g. Guston et al. 2000 , Cash et al. 2003 , Lemos et al. 2012 . Fig. 4 illustrates the outcome of preliminary discussions focussed on where the 'knowledge broker' fits and its role.
It is suggested that the 'knowledge broker' role, which is undoubtedly onerous, would be to know and communicate to producers who the end-users are and what their roles are, to understand and communicate to producers what is re quired by end-users, to know and communicate to end-users what is available from climate science (including the strengths and limitations of what is available), to synthesise scientific literature, to ensure consistency in ter minology, to provide a co-ordinated mechanism for accessing climate datasets, to translate uncertainty into an assessment of risk (if possible) and to facilitate education and discussions between end-users and science providers. This would also include strengthening interactions between producers/ providers/ researchers and end-users, and addressing weaknesses or gaps, by building teams that contain an appropriate mixture of research and communication/outreach skills. There is evidence that end-users do appreciate interacting with knowledge-providing experts who understand and address their needs, but they are wary if that person (or organisation) is thought to be filtering (or possibly modifying) the science (e.g. Hart et al. 2012 , Lemos et al. 2012 , Kiem & Austin 2013 ; hence, the 'knowledge broker' needs to be more than just a middleman. These studies also reveal that there is not so much a need for more climate science outputs as a need for improved packaging of information such that it is consistent, legitimate, credible and useful for end-users and decision makers. As mentioned in the Introduction and Section 2, lessons can be learnt from older studies on knowledge utilisation in fields such as education and health policy (e.g. Weiss 1980 , Dunn 1983 , Rich 1991 .
Useful lessons can also be obtained from recent studies (e.g. Tribbia & Moser 2008 , Hart et al. 2012 ) that reveal interesting insights into the timing of the demand (and end-user or decision-maker perception of the need) for a 'knowledge broker '. Hart et al. (2012) found, also from a survey, that there were surprisingly few people claiming that there was a need for more scientific information (meaning for the Californian coastal communities Hart et al. (2012) studied, lack of scientific information was not really a barrier to their climate change adaptation processes). Moser & Ek strom (2012) (an update of Tribbia & Moser 2008 ) also found that surprisingly few people in their study on managers of coastal communities (interview and observationbased) talked about lack of science as a barrier to climate change adaptation. The conclusion reached was that the communities studied (Tribbia & Moser 2008 , Hart et al. 2012 do not 'need' science information because they are not far enough along in the climate change adaptation process to see the need for more science information or to be able to use it if it were available. Verdon-Kidd et al. (2012) also found that there is not so much a need for more climate science outputs; however, those that are farther along the climate change adaptation process (e.g. agricultural communities and water resource managers in Australia) do need improved packaging of information such that it is consistent, legitimate, credible and useful for end-users and decision makers, and given limited capacity and capabilities within many existing decision-making organisations, a 'knowledge broker' could be put to good use.
In addition to being an onerous role, another difficulty facing the successful co-production of knowledge required to address the disconnect and increase the usefulness of climate science information, is the way climate science is currently funded. As addressed in the Introduction and Section 2, the needs and drivers of researchers and end-users are different. Science and research funding is mostly allocated based on researcher track record (i.e. journal publications) and/or novel science. Hence, if capacity is to be increased in the 'knowledge broker' space (e.g. providing information that helps with the management of a farm), significant changes to the way research and researchers are judged and funded is required (e.g. weighted less on the number of journal publications and h-index and more towards whether end-users' questions are being answered and practical needs are being met). If the disconnect (or differences) are to be addressed, then end-users need more of a voice in determining the design of the information products; this type of participatory research would be an important role of the 'knowledge broker', as would the provision and packaging of science information.
CONCLUSIONS
This study investigated one of the many barriers to climate change adaptation: the disconnect between available climate information and the needs of rural community end-users. Qualitative and anecdotal evidence suggests the disconnect exists; however, its characteristics, magnitude, and causes have not been quantified. Kiem et al. unpubl.) Key insights emerging are: (1) Large quantities of climate change information exist and many producers and end-users consider this information to be useful. However, a considerable proportion of potential end-users of climate information (and some producers of climate science information) do not believe available climate information is useful, do not know where to find it, do not understand it or do not use the information in their decision making;
(2) Lack of legitimacy and detail, and inappropriate format, appear to be the major causes of the disconnect, and the extent of dissatisfaction is dependent on the group the survey respondents came from; (3) Producers and end-users rate characteristics of information about climate change impacts very differently;
(4) End-users view climate information differently as a consequence of the type of decisions they make based on the information (i.e. policy or business/ operational). Importantly, both producers and end-users also view the information very differently as a factor of their connection (or not) to rural communities.
Based on these insights it is recommended that future work focuses on testing the following hypotheses: (1) there is a difference in the way end-users view available climate information depending on the type of decisions they are using the information for; (2) the high level of uncertainty involved in climate science and future climate scenarios is prohibitive for end-users; (3) the levels of relevance, credibility and legitimacy of climate information are connected in a relationship whereby efforts made to enhance one may degrade another (Cash & Buizer 2005) . Further investigation is also required to determine whether there is any association between the comprehension of (and opinion regarding) climate change information and age, level of education or any other typology.
A limitation of this study (and many others) was that it relied on people completing an online survey. Large numbers of rural community end-users do not have access to available climate information due to a lack of internet or mobile phone coverage in many areas of Australia. In addition, rural community endusers who do have internet and mobile phone coverage, may not be in a position to utilise available information due to a lack of computer and technological literacy. If this issue is found to be significant, then the exclusion of rural community members from research as a result of their remote locations and increasing reliance by researchers on the internet for surveys and reporting needs to be addressed. Potentially, entire groups of end-users have been omitted from research programs and are therefore not considered in the research outcomes. Future research must evaluate the implementation of Australia's National Broadband Network (www.nbn.gov.au/) and determine if this group has been successfully engaged (i.e. just because people have internet access does not mean they are computer literate or want to engage in computer based research; some rural and remote areas will not have the same level of coverage as other areas etc.). Another important limitation of the survey is that it is possible that the producers (i.e. researchers) who are actively involved with end-users did not complete the survey (e.g. they are too busy). Therefore, in follow up work it will be useful to determine what proportion of producers or researchers are actively involved in producing material designed for end-users, and are interacting with these end-users. Also of interest would be the proportion of producers or researchers in Australia who are from organisations that see a substantial part of their role as informing end-users. Answers to these questions are required in order to better understand, and to ad dress, the disconnect between climate science and end-users or decision makers.
There are significant uncertainties, limits and barriers that impede effective adaptation to climate change. Useful information is vital to assist end-users in their adaptation decision making. Currently, a disconnect exists that prevents documented priorities and recommendations from being implemented. This disconnect is very evident in rural communities, where the impacts of climate change exacerbate existing vulnerabilities caused by exposure to hydroclimatic extremes, falling commodity prices, rural demographic shifts and a changing farming industry. It is crucial this disconnect be overcome in order to make effective adaptation to climate change more achievable. This study presents some potential ways to do this. 
